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substance, the ether., in which this
wave-motion takes place. The
waves arc propagated through this
medium at a finite velocity, tho
velocity of light, which had been
long before determined by Homer.
The ether must be assumed to be
quite unaffected by the motion of
material bodies, for otherwise
there would be strange refraction
effects near the moon and the
planets. These arc not observed.
Since light is propagated in the
ether with the same velocity in all
directions an observer moving
through the ether should find that
light is propagated more slowly
in front of him than behind him,
so that he will observe an " ether
wind."

Ether Wind Disproved
This was not a particularly
agreeable concept, but it was a
elear and logical consequence of
Maxwell's equations of electro-
magnetism, cven,it could be shown,
without the ether hypothesis.
Therefore surprise was consider-
able when the Miehelson-Morley
experiment (1886) proved the non-
existence of the ether wind.
Theories proposed to explain the
absence of the effect assumed that
motion through the ether altered
the lengths of all material bodies,
including measuring rods, so that
the velocity of light always
appeared to' be the same in all
directions (Fitzgerald contraction).
Lorentz found the full code of
translation from one observer to
another in relative constant
velocity straight line motion. This
reduced to the Newtonian code
for slow motions (dynamics), but
gave the right answer for high
velocities (light). These formulae
constitute the famous Lorentz
transformations, which replaced
the Newtonian formulae. The
reason for the breakdown of the
" obvious " Newtonian relativity
remained obscure. The situation
was highly unsatisfactory until
1905.

SPECIAL on RESTRICTED THEORY
OF RELATIVITY. In that year
Einstein showed that the Newton-
ian concepts of a uniform even-
flowing time and an absolute space
lacked physical relevance.

His argument was based on the
fact that nothing is known that
travels faster than light. Hence if
two moving observers wish to com-
municate with each other in order
to synchronize their clocks, com-
pare their standards of length, etc.,
their speediest way of doing so is
by electromagnetic waves. Al-
though, the speed of light is great
it is not infinite, and Einstein

could easily show that for fast
moving observers this method of
signalling did not allow them to
connect their space and time reck-
onings Hiiflicieutly well to establish
the same time and space scales.
However, the standard velocity of
signals, the velocity of light, would
appear to them to be the same, just
as the Miehelson-Morley experi-
ment had shown.

Einstein thus proposed a new
principle of relativity. If Maxwell's
equations of electromagnetism and
certain simple laws of dynamics
were correct for some observer,
then the same laws would hold for
any other observer moving rela-
tively to the first in a straight line
with constant velocity. It follows
that the correct laws of transform-
ation are those proposed by
Lorentz and that what were called
above " certain simple rules of
dynamics " were laws which hardly
differed from Newton's for small
velocities, but differed appreciably
for large ones.

Space-Time Combination
For two events taking place at
two different places, according to
Newtonian relativity, all observers
will agree on the distance between
the two points and on the time
interval between the two events.
This is not so according to the
Lorentz transformations. The
order of occurrence of the two
events may even appear to be
different to different observers.
However, though neither spatial
distances nor time intervals are
sacrosanct, a certain combination
of the two will appear the same to
all observers. The reason for the
existence of this invariant com-
bination is simple. While time is
partly a subjective quantity de-
fined by each observer for his own
convenience, it has also an objec-
tive meaning in the history of each
particle. It is an objective fact
that a certain train left King's
Cross before it arrived at York,
and all observers must agree on
this. Now consider again two
events at different places. Light
from one event may reach the
place of the other event before,
during, or after the occurrence
there of this second event. Which
of these is true is an objective fact
on which all observers must agree,
being described by the invariant
combination of distance and inter-
val. Since no effect can travel
faster than light this means that
the causal order is preserved.

The real significance of this in-
termingling of space and time was
first pointed out by Minkowski.
The three dimensions of space

appear different according to the
way one is facing, while distance,
computed from all three, does not
depend on winch way one is look-
ing. This fact is stated as the three
dimensional nature of space.
Similarly, as Minkowski stressed,
time interval and distance depend
on one's state of motion, but their
combination does not. This limited
convertibility of space and time
may be stated as the four-dimen-
sional nature of space-time. To
speak of a fourth dimension does
not denote anything mystical
which one cannot " imagine," but
is simply a way of stating the ex-
perimental fact that measure-
ments of both time intervals and
spatial distances are affected, in a
certain linked way, by the state of
motion of the observer.
Effect ol Velocity On Mass
The meaning of the Lorentz
transformations may be illustrated
by considering the addition of
velocities. Imagine the configura-
tion consisting of an observer, a
particle which he observes to be
moving away from him with a cer-
tain velocity, and a second obser-
ver moving away from the first one
with a different velocity in the
opposite direction. How fast does
the particle appear to be moving
to this second observer ?
According to Newtonian ideas,
with a velocity equal to the sum of
the two velocities mentioned, but
according to Einstein and Lorentz,
with a somewhat smaller velocity.
As long as both the particle and
the observer move slowly it is little
less than the sum. If, however,
either of them moves nearly as fast
as light, the observed velocity will
be much smaller, so that in no case
can it exceed the velocity of light.
This impossibility of exceeeding
the velocity of light shows itself in
an increasing resistance of matter
to further acceleration when it is
already moving fast. This increase
of inertia (or mass) with velocity
has been confirmed by experiment.
It is, for instance, noticeable in
atom-splitting machines. If elec-
trons are given an energy of one
million volts they move at 95 p.c.
of the speed of light, and their
masses are three times as great as
when they are at rest. At five mil-
lion volts they are only slightly
faster (99-6 p.c. of the speed of
light), but they are 11 times as
massive as when at rest.
Einstein was able to show that
the equations of dynamics and
electrodynamics could be brought
into this relativistic four-dimen-
sional form with changes which
were small for small velocities but